RESUMEN
INTRODUCTION
Melting point of fats is measured by various methods.. These include Wiley melting point (AOCS Method Cc 2-38) (AOCS, 1988) , open capillary slip point, softening point (AOCS method Cc 3-25) (AOCS, 1988) , ring and ball methods and automated techniques such as Mettler dropping point and Elex apparatus. Several authors compared methods^ usually applied with another ones, in relation to the methods themselves and temperature procedures. Kanematsu et al., (1979a and 1979b) , used Mettler dropping point and tested conditions for measurement, comparing values obtained by Mettler dropping point, softening point from Japanese standard, clear point and Wiley melting point with various fats. Close correlations were found between these methods. Open-tube melting point using Elex automatic apparatus was compared with the conventional method by Kanematsu et al., (1981) . Results showed that the values obtained did not show statistically significant differences. Deman etal., (1983) compared several methods for determination of melting point using various fats and tested the reproducibility of these methods. Reproducibilities of the Mettler dropping point and softening point were considered excellent and for slip point, poor. Kawada et al., (1985) proposed melting point determination by another methods, such as ring and ball methods.
Many melting point measurement methods can be grouped in different ways. As parameters for measuring it, some methods determine the point of complete melting of all crystalline material while others use a point farther removed from there and are called softening, slipping or dropping points. Subjective interpretation of the endpoint by the operator or objective indications are used. Some methods depend upon manual controls; others emply a certain degree of automation. In this group, modern instrumentation has shown the way for possible improvements. The use of automatic temperature control, linear heating rates and objective endpoint determinations promise an improvement in the precision of melting point tests (Mertens, 1973) . Differential Scanning Calorimetry Vol. 50. Faso. 1 (1999) (DSC) is an alternative, being one of the most used techniques for studying thermal behaviour of various foods components. Melting point obtained by DSC is generally considered as the onset temperature, the inflection point of melting curve and solid line. Deman et al, (1991) consider melting point as the peak temperature calculated from a DSC melting curve. In this referred study, temperature measured at the end of melting curve obtained by DSC was considered as the real melting point, where the melting phenomenon finishes, when all crystals in solid state became liquid. Slew et ai, (1982) concluded that melting point is essentially determined by the hard fraction of stearins, indicated by the major peak. Chaisery & Dimick (1995) , in a study of crystallization of cocoa butter, measured melting point by DSC of low and high melting fractions, considering onset melting temperature. In a study of effect of cooling and heating rates variation, Cebula & Smith (1991) measured melting point of pure triglycerides, also considering the onset temperature.
In this study, final melting temperatures obtained by DSC technique were compared with softening point (AOCS method Cc 3-25) (AOCS, 1988) values for various vegetable oils and fats.
Perkin Elmer DSC7 Differential Scanning Calorimeter. Nitrogen was the carrier gas and calibration was done with indium, after checking the operation with distilled, deionized water. 10-15mg of sample were enclosed in hermetically sealed aluminum pans and run against air (empty pan) as reference. DSC melting curves were obtained according to Dodd & Tonge (1987) . Samples were heated to 80°C for 5 minutes, cooled at 10°C/min to -50°C, holding at this temperature for 5 minutes to crystallize the sample. After this procedure, melting curves were recorded from initial temperature to 80°C at a heating rate of 10°C/min. The resulting DSC data was analyzed by peak program and peak temperature, onset temperature and melting temperature were recorded. Melting temperature was considered as the temperature at the end of the curve, when melting has completed.
RESULTS AND DISCUSSION
Fatty acid composition of the samples can be seen in table I. Values showed the great variability of the samples, which influences melting point values and the shape of DSC melting curves.
2. EXPERIMENTAL 2.1. Material 14 different types of oils and fats were used: soybean oil, cottonseed oil, palm oil, palm olein, palm stearin, babassu oil and hydrogenated oils (soybean, two types; palm oil, cottonseed oil and babassu oil), palm kernel oil, palm kernel stearin and intersterified cottonseed oil. The samples were gently supplied by Gessy Lever Ltda. (Valinhos, SP) and Refinadora de Óleos Brasil (Sao Caetano do Sul, SP).
Fatty acid compositions of samples
Fatty acid composition was done through analysis of methyl esters by gas-liquid chromatography. The instrument used was a Perkin Elmer Sigma 3B gas-liquid chromatograph with ionization detector and the results were obtained by a Perkin Elmer integrator LCI -100. The methyl esters were obtained according to Hartman & Lago (1973 SON-hydrogenated soybean oil type «N»; SOB-hydrogenated soybean oil type «B»; AGH-hydrogenated cottonseed oil; AGI-interesterified cottoseed oil; PMD-deodorized palm oil; PME-palm stearin; PMO-palm olein; PMH-hydrogenated palm oil; PKR-refined palm kemel oil; PKE-palm kernel stearin; BBD-deodorized babassu oil; BBH-hydrogenated babassu oil. Softening points varied from 20.1 °C to 58.4°C, for palm olein and hydrogenated palm oil, respectively. These values indicate a large range of melting point for the samples studied. This measurement was not done for soybean and cottonseed oils because this method does not apply to these samples due to their low melting points, -23 to -20°C for soybean oil and -2 to 2°C for cottonseed oil (Weiss, 1980) Figures 1 to 14 show DSC melting curves obtained. Melting range and DSC curve shape result from combined effects between fatty acid composition, polymorphism and thermal history (Kaisersberger, 1989) . Soybean oil has a characteristic curve about -25°C and its melting occurs at temperatures below 0°C (figure 1). In relation to hydrogenated soybean oils, there is a broadening of the curves and their moving to higher temperatures regions (figures 2 and 3). Formation of trans and positional isomers due to hydrogénation resulted in the formation of non-intersoluble triglycerides, increasing the melting range of the samples. The same phenomenon occurs with cottonseed oil and its hydrogenated and interesterified samples (figures 4, 5, and 6). Palm oil has a very characteristic curve, showing clearly its two component fractions, separated by an exothermic peak, (figure 7). Hydrogenated palm oil sample shows two peaks, corresponding to a and p polymorphic forms (figure 8). Palm olein (figure 9) shows only one peak, corresponding to the lowest temperature peak observed in palm oil while palm stearin (figure 10) shows a similar profile to that one of palm oil, showing two peaks. Palm kernel (figure 11) shows only one peak and a limited melting range. Palm kernel stearin (figure 12) has the same DSC profile of palm kernel, but its curve is sharper and is located at higher temperature, indicating a small melting range. Babassu oil (figure 13) has a similar profile of palm kernel oil, both with high concentrations of lauric acid (see table I ). Hydrogenated babassu (figure 14) oil has a greater melting range, due to the formation of trans and positional isomers, as already commented about hydrogenated soybean and cottonseed oils. Deman et al., (1983) which compared Mettler dropping point and DSC melting points. DSC melting points were generally considerably higher than the Mettler dropping points. Figure 15 shows a graphical comparison between differences of melting points and other characteristic temperatures obtained by DSC melting curves and softening point values. If onset temperatures were considered, differences between these temperatures and softening point ones are bigger, because onset temperatures were recorded when the fat began to melt, while in softening point they had melt more than this point recorded by DSC. When comparing peak temperatures obtained by DSC with softening points, we can observe that the former are higher than those obtained by DSC, except for hydrogenated palm sample. Big differences can be seen between deodorized palm oil and palm olein. This fact occurs because peak temperature is recorded as the temperature of the main peak, when curve shows more than one. In this case, main peak of both samples was located in a region where temperature was not sufficient to melt the sample in the same point of that recorded by softening point. Vol. 50. Fasc.1 (1999) SOD -deodorized soybean oil; SON -hydrogenated soybean oil type «N»; SOB -hydrogenated soybean oil type «B»; AGDdeodorized cottonseed oil; AGH -hydrogenated cottonseed oil; AGI -interesterified cottonseed oil; PMD -deodorized palm oil; PME -palm stearin; PMO -palm olein; PMH -hydrogenated palm oil; PKR -refined palm kernel oil; PKE -palm kernel stearin; BBD -deodorized babassu oil; BBH -hydrogenated babassu oil. DSC -Differential Scanning Calorimetry; M.P. -melting point; S.P.
-softening point. SOD -deodorized soybean oil; SON -hydrogenated soybean oil type «N»; SOB -hydrogenated soybean oil type «B>>; AGDdeodorized cottonseed oil; AGH -hydrogenated cottonseed oil; AGI -interesterified cottonseed oil; PMD -deodorized palm oil; PME -palm stearin; PMO -palm olein; PMH -hydrogenated palm oil; PKR -refined palm kernel oil; PKE -palm kernel stearin; BBD -deodorized babassu oil; BBH -hydrogenated babassu oil. 
CONCLUSIONS
These results show that DSC is a accurate technique, which can measure the temperature when fat is completely in the liquid state. When measuring by softening point technique, an empirical method, in the point of measurement crystals are not melted completely, leading to lower values. Besides, by DSC technique it is possible to determine melting point of liquid oils such as soybean and cottonseed oils. DSC melting curves are also obtained, which is very useful to observe the melting range of the sample.
